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In this study 437 days of 6-daily, 24-hour samples of PM 2.5 , PM 2.5-10 and PM 10 were collected over a 12-month 19 period during [2003] [2004] in Melbourne, Sydney, Brisbane and Adelaide. The elemental, ionic and polycyclic 20 aromatic hydrocarbon composition of the particles were determined. Source apportionment was carried out by 21 using the Positive Matrix Factorisation software (PMF2). Eight factors were identified for the fine particle 22 samples including 'motor vehicles', 'industry', 'other combustion sources', 'ammonium sulphates', 'nitrates', 23 'marine aerosols', 'chloride depleted marine aerosols' and 'crustal/soil dust'. On average combustion sources, 24 secondary nitrates/sulphates and natural origin dust contributed about 46%, 25% and 26% of the mass of the 25 fine particle samples, respectively. 'Crustal/soil dust', 'marine aerosols', 'nitrates' and 'road side dust' were the 26 4 factors identified for the coarse particle samples. On average natural origin dust contributed about 76% of the 27 mass of the coarse particle samples. The contributions of the sources to the sample mass basically reflect the 28 emission source characteristics of the sites. Secondary sulphates and nitrates were found to spread out evenly 29 within each city. The average contribution of secondary nitrates to fine particles was found to be rather uniform 30 in different seasons, rather than higher in winter as found in other studies. This could be due to the low 31 humidity conditions in winter in most of the Australian cities which made the partitioning of the particle phase 32 less favourable in the NH 4 NO 3 equilibrium system. A linear relationship was found between the average 33 contribution of marine aerosols and the distance of the site from the bay side. Wind erosion was found 34 associated with higher contribution of crustal dust on average and episodes of elevated concentration of coarse 35 particles in spring and summer.
Introduction
42
Due to the geological and climatic characteristics of the Australian continent, most of the population in 43 Australia are confined to a small number of coastal cities including the four cities in this study: Melbourne, 44 Sydney, Brisbane and Adelaide (Table 1 ). The increasing emission of air pollutants as a result of the rapid 45 growth in population and economy in these cities, together with the urban sprawl problem, has raised the 46 concern of the impact of these emissions. Among the problems elevated concentration of airborne particles, in 47 particular the PM 10 (particles with aerodynamic diameter less than 10 µm) and PM 2.5 (fine particles; less than 48 2.5 µm), has been associated with adverse health and environmental effects. Therefore information on the 49 sources of emission of these particles is needed for the development of effective control strategies for these 50 particles. factorisation (PMF), has also been used for this purpose (e.g. Juntto and Paatero 1994, Lee et al. 1999 ). This 67 technique takes into consideration the errors in the data and produces non-negative factor loadings and scores. 68 With careful selection of modelling parameters PMF has been found to be more powerful in source 69 identification than the other factor analysis techniques (e.g. Huang et al. 1999 , Hien et al. 2004 studies that these involatile PAHs are associated with the fine particle fraction as a result of rapid adsorption of 124 PAHs on pre-existing particles, while the more volatile PAHs are more associated with the coarse particle 125 fraction as a result of condensation of PAH vapour (e.g. Harrison et al. 1996 , Allan et al. 1996 . Therefore in 126 this study these 5 PAHs were assumed to exist mainly in the fine particle fraction and were included in the 127 PMF analysis of the fine particle samples.
129
The average composition of the samples and percentage of samples above the minimum detection limit (MDL) 130 for the species are listed in 
206
• Reasonable Cl -/ Na + ratio (between 1 and 2) in the 'marine aerosols' factor (Goldberg 1963 ).
• Reasonable NH 4 + / S ratio (around 1; assuming (NH 4 ) 2 SO 4 as the main form of secondary sulphates) in the 208 'ammonium sulphates' factor.
209
• Reasonable estimated source profiles (refer to Section 3.3). For example, the sum of the fraction of 210 elements should be ≤ 1. Zn, Pb and the PAHs were not explained by these factors. These species have large uncertainty in the 241 measurement method and/or large number of samples which have concentrations below detection limit (Table   242 2). Table 3 . As shown in Table   249 3, the source profiles were similar for the two filter material, in particular for the tracer species. The PMF2 250 software also provides estimation on the uncertainty of the F-factor loadings. In the fine particle samples the 251 uncertainty of the loadings (represented by the ratio of the s.d. of loading to the estimate of loading) ranged 252 mostly from ±39% to ±172%. In the coarse particle samples the uncertainty of the loadings ranged mostly from 253 ±20% to ±141%. In general the uncertainty in the estimated factor loadings were lower for the coarse particle The average aerosol mass of the samples are shown in Table 4 . In general the sample mass was higher at the 296 urban sites than the suburban sites on average. On average the fine particle fraction contributed to about 38% of 297 the PM 10 mass, which is at the lower end of the range of average PM 2.5 /PM 10 ratios observed in other urban The eight factors identified for the fine particle samples included 'motor vehicles' (contributing to 24% of the 314 sample mass on average), 'industry' (14%), 'other combustion sources' (8%), 'ammonium sulphates' (18%), 315 'nitrates' (7%), 'marine aerosols' (12%), 'chloride depleted marine aerosols' (8%) and 'crustal/soil dust' (6%).
316
Therefore on average combustion sources, secondary nitrates/sulphates and natural origin dust contributed 317 about 46%, 25% and 26% of the mass of the fine particle samples, respectively. 'Crustal/soil dust' (38% of the 318 sample mass on average), 'marine aerosols' (38%), 'nitrates' (19%) and 'road side dust' (5%) were the factors identified for the coarse particle samples. Therefore on average natural origin dust contributed about 76% of the 320 mass of the coarse particle samples.
322
The contribution of the source factors to the sample mass of the city/site samples basically reflect the emission 323 source characteristics of the sites (Table 1 ) and the composition of the samples (Table 2) Table 5 . Bear in mind that only two sites in each city were included in this study, 340 the results of % source contributions from this study are roughly comparable to the % source emissions.
342
The contribution of the 'crustal/soil dust' factor was similar at the urban sites and the suburban sites, except for 343 the Rocklea site (Brisbane) which has a higher contribution of crustal matter. This is probably due to that the on the other hand, was found to be higher in summer. This finding is consistent with that in other studies (e.g. The average contribution of crustal sources in the coarse fraction was higher in spring/summer than in winter in 397 all cities although this trend was less apparent in Brisbane. Time series plot of the contribution of coarse 398 crustal/soil dust in the cities (e.g. Figure 8 for the Sydney samples) shows that the higher contribution was 399 mainly due to the more frequent episodes of elevated contribution. This reflects the increased frequency of 400 wind erosion in spring/summer, in particular in the southern cities (McTainsh and Boughton 1993). It is also 401 found that these episodes did not always accompany with an increase in fine particle mass, indicating that wind 402 erosion dust is mostly in the coarse particle fraction. The average fine particle to PM 10 mass ratio in the Australian city samples in this study was at the lower end of 433 the ratios observed in other cities. 
